The effect of delayed antifungal therapy in critically ill infants with invasive candidiasis has not been studied. Our objective was to evaluate the effect of time to initiation of antifungal therapy (TIA) on mortality, disseminated disease, and postinfection hospital stay. We conducted a cohort study of critically ill infants with cultures positive for Candida from 1990 to 2008. TIA was defined as the number of hours from the collection of the first positive culture until the start of antifungal therapy. Of 96 infants, 57% were male, the median gestational age was 27 weeks (range, 23 to 41 weeks), and the median birth weight was 956 g (range, 415 to 6,191 g). Most subjects received amphotericin B deoxycholate. TIA was <24 h for 35% of infants, between 25 and 48 h for 42%, and >48 h for 23%. Eleven subjects died during hospitalization, and 22% had disseminated candidiasis. The median duration of hospital stay postinfection was 53 days (range, 6 to 217 days). Both univariate and multivariate analyses demonstrated that TIA was not associated with mortality, disseminated disease, or hospital stay postinfection. However, ventilator use for >60 days significantly increased the risk of death (odds ratio [OR], 9.5; 95% confidence interval [CI], 2.2 to 66.7; P ‫؍‬ 0.002). Prolonged candidemia increased the risk of disseminated disease by 10% per day of positive culture (OR, 1.1; 95% CI, 1.08 to 1.2; P ‫؍‬ 0.007), and low gestational age was associated with increased neonatal intensive care unit (NICU) stay after the first positive Candida culture by 0.94 weeks (95% CI, 0.70 to 0.98; P < 0.001). The TIA was not associated with all-cause mortality, disseminated candidiasis, and postinfection length of hospital stay.
N
eonatal candidiasis is associated with significant morbidity and mortality. Despite the availability of antifungal agents, the mortality rate attributable to neonatal candidemia ranges from 10 to 25% (1, 2) . Up to one-half of infected infants may develop adverse neurodevelopmental outcomes, a rate which is significantly higher than that for those without candidemia (1) . In addition, neonates with candidemia have prolonged hospital stays and increased associated costs (3, 4) .
Delayed initiation of antibiotics has been associated with increased durations of hospitalization, intensive care unit (ICU) stay, and mechanical ventilation in critically ill children (5) and adults (6) (7) (8) . Three studies, all conducted with adult patients with invasive candidiasis, have explored the temporal effect of initiation of antifungal therapy on patient outcomes, including mortality, ICU stay, length of hospitalization after isolation of the organism, and treatment failure (9) (10) (11) . Two studies demonstrated that patients with a delay in antifungal therapy (primarily fluconazole) by 12 to 72 h after collection of positive cultures were 1.5 to 2 times more likely to die than those without a delay (9, 11) . One study also showed prolonged ICU stay in those starting antifungal therapy Ն12 h after collection of positive cultures (11) . A decrease in the response rate and increases in both time to achieve clinical stability and hospital stay postinfection were also observed when caspofungin initiation was delayed for 72 h after collection of positive cultures (10) .
To date, there have been no published studies evaluating the effect of time to initiation of antifungal therapy (TIA) in critically ill infants, a vulnerable population at high risk for significant morbidity and mortality secondary to invasive candidiasis. Our study aimed to determine the association of TIA in neonates with invasive candidiasis to treatment outcomes, including mortality, disseminated candidiasis, and length of neonatal ICU (NICU) stay postinfection.
MATERIALS AND METHODS
In this historical cohort study, we evaluated the medical records of critically ill infants diagnosed with candidiasis at Miller Children's Hospital, a community-based, tertiary care teaching hospital with 68 NICU beds. Patients were identified from hospital records based on ICD-9 (International Classification of Diseases, Ninth Revision) diagnostic codes and pharmacy records. All infants in the NICU who had at least one positive Candida culture from any sterile site (e.g., blood or cerebrospinal fluid [CSF]) obtained 72 h or more after hospitalization or birth between 1 January 1990 and 30 December 2008 were eligible for inclusion. Only the first positive culture was considered for subjects with multiple cultures positive for Candida. After receiving notification from the laboratory of a blood culture positive for yeast, another blood culture was obtained, and the patient was started on amphotericin B deoxycholate therapy at 1 mg/kg of body weight/day. Subjects were excluded if they received an antifungal medication within 2 weeks prior to study admission or had candiduria only. The study period encompassed the time from the collection of the first positive culture to hospital discharge or death. The institutional review board approved the study.
Data collected on standardized case report forms included demographic information; preexisting medical conditions; antifungal therapy, including exact timing of initiation; microbiological and laboratory values; and patient outcomes (mortality, disseminated candidiasis, length of NICU stay, and microbiological cure). Patient information was obtained from medical records and pharmacy-regulated monitoring forms. All blood cultures collected were entered into a computer system (TDS Eclip-sys) with a time of collection. Specimens that were culture positive were updated in the computer system with the time when this occurred.
TIA was defined as the number of hours from the collection of the first positive culture until the start of antifungal therapy and was stratified into three groups: Ͻ24 h, 24 to 48 h, and Ͼ48 h. Data were analyzed by using one-way analysis of variance (ANOVA) (with Bonferroni adjustment if significant) or univariate logistic regression, depending on the type of variable. In addition, we stratified subjects into two categories: Յ24 h and Ͼ24 h as well as Յ48 h and Ͼ48 h. Patient characteristics of these two groups were compared by using the Student t test or Mann-Whitney U rank sum test for continuous variables and the chi-square or Fisher's exact test for categorical variables. Multivariate analysis to identify clinical parameters predictive of all-cause mortality and disseminated disease was performed by using logistic regression and, for length of NICU stay postinfection, by using linear regression. A significance level of 0.05 for a two-sided test was assumed when calculating results. All statistical analyses were performed by using R version 2.15.1. 
RESULTS
The medical records of 173 NICU infants with a Candida infection were reviewed. Of these, 77 were excluded from analysis for the following reasons: 53 had candiduria alone, 14 had positive Candida cultures only at nonsterile sites, and 10 had incomplete medical records. The remaining 96 patients were included in our study (Fig. 1) . Overall, 57% of subjects were male ( Table 1 ). The median gestational age was 27 weeks (range, 23 to 41 weeks), and the birth weight was 956 g (range, 415 to 6,191 g). The median age at onset of infection was 28 days (range, 4 to 177 days). All but 3 subjects were initiated on amphotericin B therapy that consisted primarily of the deoxycholate formulation; 35% were subsequently changed to another agent, mainly fluconazole ( Table 2 ). The mean time to positive cultures was 27 Ϯ 24 h. The most common species isolated were Candida albicans (41%), C. parapsilosis (41%), and C. tropicalis (16%).
The proportion of subjects with TIA of Յ24 h was 35% (14% with TIA of Ͻ12 h), the proportion of subjects with TIA of between 25 and 48 h was 42%, and the proportion of subjects with TIA after Ͼ48 h was 23% (with 3% after 72 h). Based on these three categories, TIA did not contribute to all-cause mortality (P ϭ 0.8), disseminated disease (P ϭ 0.5), or postinfection hospital stay in the NICU (P ϭ 0.08) (Fig. 2) . By using comparative analyses of subjects with TIA of Յ24 h and those with TIA of Ͼ24 h, demographics, clinical characteristics, and microbiological data were similar (Tables 1 and 2 ). Clinical outcomes, including mortality, disseminated disease, and postinfection hospital stay, were also similar between these two groups (Table 3) . Comparative analyses of all study subjects with TIAs of Յ48 h and Ͼ48 h also demonstrated a lack of association between TIA and clinical outcomes. Among the 39 subjects with C. albicans infection, these clinical outcomes were also similar between subjects with TIA of Յ24 h and those with TIA of Ͼ24 h.
Eleven (11%) infants died during hospitalization, and five of these deaths were attributed to invasive candidiasis. The development of disseminated candidiasis was not associated with TIA (Fig. 3) . However, gestational age was found to be significantly different among those with and those without disseminated disease ( analysis, TIA and gestational age were not associated with disseminated disease. However, for each additional day of positive culture, the risk of disseminated disease was increased by 10% (OR, 1.1; 95% CI, 1.08 to 1.2; P ϭ 0.007 by the likelihood ratio test). Based on univariate linear regression, subjects with TIA of Յ24 h had a significantly longer NICU stay postinfection than subjects with TIA of Ͼ24 h, by ϳ1 day (95% CI, 0.2 to 1.0; P ϭ 0.047). However, after adjusting for gestational age, TIA was not a significant predictor for NICU stay postinfection (P ϭ 0.052) (Fig. 4) . Subjects with low gestational age had a longer NICU stay after the first positive Candida culture, by 0.94 days per every week of age (95% CI, 0.70 to 0.98; P Ͻ 0.001).
DISCUSSION
Our study demonstrated that there was no association between TIA, primarily amphotericin B deoxycholate, and three treatment outcomes: mortality, disseminated disease, and postinfection NICU stay. Three studies have explored the temporal effect of antifungal treatment on clinical outcomes in adult patients with candidemia. In one study comparing 157 adults with candidemia who received antifungal treatment (predominantly fluconazole) within 12 h and those who received treatment after 12 h, there were no significant differences in mortality (11% versus 33%; P ϭ 0.169), microbiological clearance (100% versus 98%; P ϭ 0.55), and length of hospitalization (mean, 40 Ϯ 18 versus 31 Ϯ 30 days; P ϭ 0.056) (11) . However, length of ICU stay was found to be significantly increased for those who received treatment after 12 h (mean, 0.4 Ϯ 1.3 versus 9.4 Ϯ 19.4 days; P ϭ 0.019). In addition, administration of antifungal treatment 12 h after collection of the first positive blood culture was an independent predictor of hospital mortality (OR, 2.09; 95% CI, 1.5 to 2.8; P ϭ 0.018) based on multivariate logistic regression analysis. In another study that evaluated 230 adults who were hospitalized for candidemia and received fluconazole stratified by the number of days to initiation of therapy relative to the time when the culture was obtained, a delay in therapy significantly impacted mortality (9) . In fact, results indicated a strong association between mortality and days to initiation of fluconazole (15% on day 0, 24% on day 1, 35% on day 2, and 41% on day Ն3; P ϭ 0.0009). Length of ICU stay was significantly longer for those who received treatment after day 0 (mean, 6 Ϯ 10 versus 10 Ϯ 17 days; P ϭ 0.03). Moreover, multivariate logistic regression revealed a delay in fluconazole initiation to be a predictor of mortality (OR, 1.5; 95% CI, 1.1 to 2.1; P ϭ 0.014), along with APACHE II scores.
A more recent study evaluated the impact of the timing of caspofungin administration on clinical outcomes in 169 adults with invasive candidiasis, including those with candidemia and intra-abdominal infections (10) . Compared to those who received caspofungin Յ72 h after collection of positive cultures, those with delayed initiation of Ͼ72 h had a significantly lower response rate and longer length of hospital stay after isolation of the organism (mean, 28 Ϯ 23 versus 21 Ϯ 17 days; P ϭ 0.007). Timing of caspofungin initiation did not influence mortality.
Studies on the effect of TIA on clinical outcomes in neonates are limited. One recent retrospective national database study evaluated the impact of empirical antifungal therapy on extremely low birth weight infants with Candida infections. Empirical therapy was defined as receipt of a systemic antifungal on the day of or the day before collection of the positive culture. In that study, there was no difference in deaths or evidence of disseminated disease between infants who received empirical therapy and those who did not. This is similar to the results observed in our study. However, there was a lower combined incidence of death or neurodevelopmental impairment by 18 to 22 months of age in the group treated empirically, indicating that empirical treatment may have benefit (12) .
Some of the reasons why TIA may have had an impact in the adult studies include differences in the Candida species causing infection and differences in the antifungals used. Internationally, the most common Candida species causing bloodstream infections among infants with low birth weight is C. albicans (4, (13) (14) (15) (16) (17) . However, one surveillance study reported a significant decline in C. albicans and increase in non-albicans Candida infections from 1995 to 2004 in NICUs across the United States (18). Our species distribution was similar to those of other studies (19) , with almost one-half of our isolates being C. parapsilosis. C. parapsilosis is a less virulent organism than C. albicans, the most common cause of fungal infections in adult studies (20, 21) . The timing of treatment of a less virulent organism may not be as critical, so it may be difficult to show an effect on outcome.
Antifungal use differed in the adult studies that attempted to correlate TIA to clinical outcomes. Studies of adults evaluated fluconazole and echinocandins, whereas our study as well as a study by Greenberg et al. assessed amphotericin B (12) . Amphotericin is the broadest-spectrum antifungal agent with fungicidal activity and hence may have contributed to the lack of correlation between TIA and outcomes. In addition, one adult study evaluated a later time to initiation of caspofungin therapy (i.e., 72 h), as opposed to TIA of 24 to 48 h in our study. It is possible that a delay in antifungal therapy by 72 h may have produced adverse clinical outcomes in neonates, but our study sample size was too small to detect this. Nonetheless, a delay of initiation of caspofungin therapy by 72 h did not influence mortality in adults, a finding similar to those of our study assessing the delay of amphotericin B treatment by 24 to 48 h (10).
Our study has several limitations. We evaluated infants over a prolonged period of time, thereby possibly introducing historical bias. However, during the study period, neonates with invasive Candida infections were treated very similarly. While fluconazole came into use later in the study, it served as step-down therapy once the organism and susceptibilities were identified. Initiation of therapy was done almost exclusively with amphotericin B deoxycholate. In addition, this study was retrospective, so it is challenging to ascertain if the infants who had TIA of Ͻ24 h may have been more ill and thereby more likely to experience adverse outcomes despite the timing of antifungal therapy. In this historical cohort study, TIA was not associated with mortality, dissemination of invasive candidiasis, and length of NICU stay postinfection in critically ill infants. Prolonged duration of ventilator use and duration of positive Candida cultures significantly contributed to mortality and disseminated disease, respectively. Low gestational age, an indicator of severity of underlying illness, contributed to longer NICU stay postinfection. Further studies, with a larger sample size, are needed to corroborate our findings and to assess the effects of TIA of other antifungal agents, including fluconazole and echinocandins, on outcomes in infants with invasive candidiasis (17) .
